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Monday, February 9, 2015 283aduring stimulation by PS or nifedipine. However, HEK293 cells transfected by
TRPM3a1 showed a robust increase in current amplitude during stimulation by
CIM0216. Here, we have further investigated the existence of an alternative ion
permeation pathway in the TRPM3a1 isoform. This study aims to understand
the mechanism of activation of the alternative ion permeation pathway in
TRPM3 and to determine the necessary structural features to open the alterna-
tive pathway.
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Transient Receptor Potential Melastatin 3 (TRPM3) is a non-selective cation
channel that can be activated with nifedipine and pregnenolone sulfate (PS).
The role of TRPM3 in nociceptive neurons has been linked to the heat sensa-
tion and development of heat hyperalgesia during inflammation. However, the
functional characterization of TRPM3 and its specific agonists remain poorly
understood. To investigate biophysical and pharmacological properties of
TRPM3 we aimed to incorporate the purified channel in planar lipid bilayers.
TRPM3 was purified from HEK-293 cells using immunoprecipitation tech-
nique. The single channel activity was then examined under various condi-
tions. We investigated TRPM3 activity with different agonists. Application
of nifedipine (1-10 mM) resulted in dose-dependent increase of open pro-
bability of the channel. These results suggest that nifedipine can alone activate
TRPM3. Unlike nifedipine, addition to the bilayers of PS, did not induce the
channel openings alone and required co-application of phosphatidylinositol-
4,5-bisphosphate (PI(4,5)P2) or clotrimazole. TRPM3 demonstrated outward
rectification upon activation with PS/PI(4,5)P2, but linear current-voltage
relationship with PS/clotrimazole. In both conditions, TRPM3 tended to inac-
tivate at higher voltages (100-120 mV) and with increased concentrations
of PS. Interestingly, in the absence of any agonists TRPM3 exhibited basal
channel activity that sustained for several minutes. Previously TRPM3 was
proposed to serve as a temperature sensor. We tested temperature sensitivity
of TRPM3 and found that in the framework of lipid bilayers the channel
did not exhibit any temperature-induced activation in the absence of agonists.
In the presence of nifedipine TRPM3 demonstrated weak temperature depen-
dence with Q10of 1.5 at þ100 mV and 1.7 at 100 mV. These results indicate
that TRPM3 is unlikely to serve as a temperature sensor alone and may involve
some alternative molecular mechanisms for temperature sensation.
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TRPM3 was identified as a Ca2þ-permeable, non-selective cation channel
(PCa/PNa of 1.57) that showed a small but constitutively single channel
conductance of ~65 pS for Ca2þ and around ~130 pS for Csþ. Like the struc-
ture of all TRP channels, TRPM3 channels contain six transmembrane span-
ning regions with a pore-forming reentrant loop between the fifth (S5) and
the sixth (S6) transmembrane domain. It is generally accepted that, physical
and chemical activating stimuli, lead to gating of a single, central cation-
conducting pore formed by S5, S6 and the interconnecting pore loop. For
TRPM3, stimulation by heat or chemical compounds like pregnenolone sul-
phate (PS) and nifedipine, will open the central pore and induces outwardly
rectifying currents in TRPM3-expressing cells. In contrast to this view, evi-
dence is shown for the existence of an alternative ion permeation pathway
in TRPM3, distinct form the central pore, that can be specifically activated
by the combined application of PS and clotrimazole (Clt). Recently, we
have identified CIM0216, a single compound that is able to open both ion
permeation pathways of TRPM3 by itself. The combined application of
CIM0216 and La3þ, a blocker of the central pore, has allowed us to further
investigate the biophysical properties of the alternative ion permeation
pathway in TRPM3.
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Transient receptor potential melastatin 3 (TRPM3) is a widely expressed
calcium-permeable non-selective cation channel that is selectively activatedby the neurosteroid pregnenolone sulphate (PS). Previous in vitro and in vivo
experiments demonstrated that TRPM3 functions as a heat sensor in the so-
matosensory system. Although behavioral assays in combination with single-
cell recordings on isolated sensory neurons can yield important insight into
the role of TRPM3 in thermosensation, the procedure results in the isolation
of neuronal cell bodies, devoid of the sensory nerve endings. Moreover,
DRG neurons in primary culture lack the context of adjacent cells (e.g. kerati-
nocytes), which are known to influence thermal sensation by the somatosensory
system. The skin-nerve preparation is an ex vivo technique that bridges the
gap between in vitro cellular recordings and behavioral assays. With this
technique, we evaluated the functional role of TRPM3 in C-fibers. Our results
indicate functional expression of TRPM3 in sensory terminals of a subset of
mechano-heat sensitive C-fibers. Other types of C-fibers (mechano-cold,
high- and low-threshold mechano) were insensitive to TRPM3 agonists. These
experiments indicate a role for TRPM3 in heat sensation by C-fibers in the so-
matosensory system.
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The regulation of numerous ion channels by membrane lipids is widely known
and well accepted. Of all the ion channel families, the modulation of members
of Transient Receptor Potential (TRP) channels is complex, especially by
phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P2). PtdIns(4,5)P2, predom-
inantly present at the cytoplasmic face of the plasma membrane, has been
shown to be a positive regulator for all the members of the TRPM family,
except TRPM3 and TRPM1. Here we show that PtdIns(4,5)P2 is required
for the activity of TRPM3. TRPM3 is a Ca2þ permeable outwardly rectifying
nonselective cation channel expressed in sensory neurons, brain, pancreas, kid-
ney and vascular smooth muscle. In sensory dorsal root ganglion (DRG) neu-
rons it was shown to function as a sensor for noxious heat. In DRG neurons as
well as pancreatic beta cells, the neurosteroid pregnenolone sulfate has been
shown to activate TRPM3.
In the current study we modulated the levels of PtdIns(4,5)P2 in Xenopus lae-
vis oocytes and HEK cells heterologously expressing TRPM3. In inside-out
patches, TRPM3 currents ran down rapidly after excision. This current could
be restored by the exogenous application of naturally occurring arachidonyl-
stearyl (AASt) PtdIns(4,5)P2 ,water soluble diC8 PtdIns(4,5)P2, diC8
PtdIns(3,4)P2, diC8 PtdIns(3,5)P2, diC8 PtdIns(3,4,5)P3 and MgATP to
excised inside-out patches. The effect of MgATP was inhibited by PI4
kinase inhibitors (LY294002 and A1) and phosphatidylinositol specific PLC
(PI-PLC) but not by a PKC inhibitor (Go¨ 6976). Thus the effect of MgATP
can be attributed to restoration of membrane PtdIns(4,5)P2 and PtdIns(4)P.
In addition, inducing the activity of PtdIns(4,5)P2-5-phosphatases in whole-
cell patch clamp experiments also decreased TRPM3 currents. In con-
clusion, our data collected through excised inside-out and whole-cell patch
clamp measurements suggest that TRPM3 requires PtdIns(4,5)P2 as a
cofactor.
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TRPM4 (transient receptor potential melastatin 4) channels constitute Ca2þ-
activated non-selective cationic currents in a variety of tissues (e.g. heart and
brain) and in cells of the immune system. The channels are gated by elevated
cytosolic Ca2þ, and channel activity is modulated by signalling molecules such
as ATP and phospholipids. Activation of TRPM4 depolarises the membrane
potential, which modulates the driving force for ions and the activity of ion
channels. TRPM4 channel agonists and Ca2þ-independent gating have not
been demonstrated yet.
In patch clamp experiments, the maleimide U73122, which is widely used as
phospholipase C inhibitor, activated recombinant human TRPM4 and endoge-
nous TRPM4 channels in cell lines. In contrast, U73122 inhibited TRPM3
channels and did not affect TRPM5 channel activity. TRPM4 current ampli-
tudes were independent on phospholipid levels and, strikingly, U73122 acti-
vated TRPM4 even in absence of intracellular Ca2þ. As the structural
analogue U73343 was ineffective, these findings suggested covalent modifica-
tion as the underlying mechanism. In fact, pre-application of N-ethylmaleimide
(NEM) to prevent further covalent modification abolished the activation of
TRPM4 by U73122.
284a Monday, February 9, 2015Taken together, we demonstrated activation of otherwise Ca2þ-dependent
TRPM4 channels by U73122. These findings raise the possibility that endoge-
nous substances act as physiologically relevant TRPM4 agonists.
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schaft through SFB 593 to J.O. (TPA16) and D.O. (TPA12).
1423-Pos Board B374
The Plasma Membrane TRPM8 Plays a Protective Role against Prostate
Cancer Progression; Trpm8 Gene as a Downstream Target of P53
Tumor-Suppressor
Swapna Asuthkar1, Kiran Kumar Velpula1, Pia Elustondo2,
Eleonora Zakharian1.
1Cancer biology and Pharmacology, UICOMP, Peoria, IL, USA, 2Physiology
& Biophysics, Dalhousie University, Halifax, NS, Canada.
Transient receptor potential melastatin 8 (TRPM8) is a cold-sensing and
Ca2þ permeable channel. The mRNA of TRPM8 is overexpressed in early
prostate tumors with high androgen levels, while anti-androgen therapy
greatly reduces its expression. From the chromatin-immunoprecipitation
(ChIP) analysis, we observed that an androgen response element (ARE)
mediates androgen regulation of trpm8. Although TRPM8 mRNA is
expressed at high levels, we found that the TRPM8 protein undergoes
ubiquitination and degradation in prostate cancer (PC) cells. The mass-
spectrometry analysis of TRPM8, immunoprecipitated from the membrane
and total cell lysates of LNCaP cells identified ubiquitin-like modifier-acti-
vating enzyme 1 (UBA1), an enzyme that participates in the initial step of
the ubiquitination cascade. We found that PYR-41, a potent inhibitor of
UBA1, increased TRPM8 activity on the plasma membrane of LNCaP
cells. Furthermore, PYR-41-mediated PMTRPM8 activity was accompanied
by enhanced activation of cell cycle inhibitor, p53 and apoptosis associated
molecule, Caspase-9. In addition, we found that the promoter region of
trpm8 possesses putative binding sites for p53 and that the overexpression
of p53 increased the TRPM8 mRNA levels in LNCaP cells. Our findings
support previous studies that suggest the balance of androgen receptor
(AR) and p53 expression regulates androgen-dependent growth of PC.
Alternatively, effect of androgen / AR inhibition / TRPM8 overexpression
on cancer cell proliferation and apoptosis was examined by FACS, TUNEL
and clonogenic assay. All these experiments indicate that the TRPM8 pro-
tein stability is dependent on AR and could be negatively regulated at the
post-translational level by AR. TRPM8 overexpression in PC cells showed
anti-proliferative effect, suggesting the importance of TRPM8 channel as a
tumor regulator.
1424-Pos Board B375
The Role of PLCd4 in the Activity of TRPM8 Expressing Sensory Neurons
Yevgen Yudin, Tibor Rohacs.
Pharmacology and Physiology, Rutgers Univeristy, Newark, NJ, USA.
Changes in environmental temperature are sensed by the peripheral end-
ings of dorsal root ganglion (DRG) neurons. A subset of neurons expressing
Transient Receptor Potential Melastatin 8 (TRPM8) channels function
as major sensors of moderately cold temperatures. Previously it was
demonstrated that Ca2þ influx through recombinant TRPM8 activates a
Ca2þ sensitive phospholipase C (PLC) isoform, leading to depletion of phos-
phatidylinositol 4,5-bisphosphate with subsequent decrease of the TRPM8
currents (desensitization). We have found earlier that the most abundant
highly Ca2þ sensitive PLC isoform in DRG neurons is PLCd4. We per-
formed patch-clamp experiments on TRPM8 expressing DRG neurons
from PLCd4-KO and WT animals, and identified 2 neuronal subpopulations
based of their size. Small neurons had significantly larger TRPM8 current
densities compared to the medium-large ones. PLCd4-KO cells had larger
currents upon menthol application and diminished desensitization. Current-
clamp experiments further confirmed the differences in these subgroups.
Both KO and WT small neurons had a more depolarized resting membrane
potential than medium-large cells, and required smaller current injection to
generate action potentials (AP) indicating their higher excitability. Positive
current injection initially induced a train of AP during current pulses;
increasing the current magnitude lead to a profound decline of the AP fre-
quency in WT but KO neurons were able to generate AP at maximal fre-
quency. AP shape and characteristics were also different for small and
medium-large neurons. Negative current injection demonstrated character-
istic voltage- and time- dependent rectification and rebound spike for both
WT and KO small neurons. Menthol application induced transient genera-
tion of AP with frequency significantly higher in KO and larger depolariza-
tion compare to the WT neurons. Our present data support the role of PLCd4
in the process of TRPM8 desensitization.1425-Pos Board B376
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Transient receptor potential melastatin 8 (TRPM8) is a cold sensitive member
of transient receptor potential ion channels. It is expressed by a subset of pri-
mary sensory neurons of the dorsal root and trigeminal ganglia and plays an
important role in temperature sensation. Beyond cold temperature, several
cooling agents, like menthol or icilin, also activate the channel. Here we report
a chemically new class of agonists on the basis of macrocyclic lactone ring. In
patch clamp and calcium imaging we found that the investigated compounds
can activate the human recombinant TRPM8 overexpressed in HEK293T cells
which activity was blocked by the TRPM8 antagonist N-(3-aminopropyl)-2-
{[(3-methylphenyl) methyl]oxy}-N-(2-thienylmethyl)benzamide hydrochlo-
ride (AMTB). Some of the tested compounds were even more effective than
the prototypic TRPM8 agonist menthol. Investigating various analogs, we iden-
tified a key motif of the compounds crucial in TRPM8 activation. Moreover,
testing various mutants, we also identified amino acid residues forming the
binding sites for these novel agonists on TRPM8. Investigating the native
TRPM8 expressed by mouse sensory neurons we concluded that the most effec-
tive model compound is not only more potent but even more selective than
menthol. Our results identified excellent chemical tools to study TRPM8
related functions and also highlight their potential pharmacological use.
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Transient Receptor Potential Polycystin (TRPP) channels are a family of
protein that forms functional receptor/ion channel complexes with Polycystic
Kidney Disease (PKD) proteins that are involved in various physiological pro-
cesses. For example, PKD1/TRPP2 complex have been known to be involved
in renal physiology where a mutation in either of these proteins leads Auto-
somal Dominant Polycystic Kidney Disease (ADPKD). Another example is
PKD1L3/TRPP3 complex, a sour taste receptor candidate, which response to
low pH. PKD proteins share homology with adhesion G-protein coupled recep-
tor proteins (aGPCRs). One of the key characteristics of these proteins is that
they go through autoproteolysis at N-terminal GPCR proteolystic site (GPS),
before the first transmembrane segment. The cleavage yield two fragments,
one N terminus fragment (NTF) and another C terminus fragment (CTF).
This autoproteolysis has been extensively studied in PKD1, however due to
the lack of a method to activate PKD1/TRPP2 complex, the effect of the cleav-
age on the function of the channel is unknown. Since PKD1L3/TRPP3 can be
activated with acid, it is a good model to study the effect of the cleavage on the
channel function of this complex. Here, we show that cleavage happens on
PKD1L3 at the GPS site as it is in PKD1, generating NTF and CTF. Mutations
at the GPS site abolish cleavage. The non-cleavable mutant lost the ability to
form functional channel with TRPP3, highlighting the significance of the cleav-
age in the overall function of the channel complex. Interestingly, co-expressed
NTF and CTF not only associate with each other, but also form a functional
channel in the presence of TRPP3 in Xenopus oocytes. Furthermore, we found
natively non-cleavable PKD1L3 exits as a splicing variant, indicating potential
function of the non-cleaved protein.
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Neurogenic inflammation and pain associated to bacterial infection have been
ascribed to sensitization and activation of sensory nerve afferents. We have
recently unveiled a role of Transient Receptor Potential (TRP) A1 channel as
sensor of lipopolysaccharide (LPS) in nociceptive neurons. However, here
we show that responses to LPS are still detected in 30% of dorsal root ganglion
neurons isolated from Trpa1 KO mice. The proportion of cells responding to
LPS was dramatically lower in double Trpa1/Trpv1 KO neurons. Using intra-
cellular calcium imaging and patch-clamp in a recombinant expression system,
we studied the effects of LPS on TRPV1, TRPV2, TRPM3 and TRPM8 heter-
ologously expressed in HEK cells. In isolated sensory neurons, we compared
the activation of TRPV1 and TRPA1 by LPS. In contrast, LPS was ineffective
on TRPV2, weakly activated TRPM3 and activated TRPM8 at 25C but not at
35C. Our results indicate that, in addition to TRPA1, other TRP channels in
